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(57)Abstract: 

PROBLEM TO BE SOLVED: To attain the thinning of a solid 
electrolyte film while avoiding the generation of pinhole and 
provide a cell operable under non-humidification by forming an 
electrolyte layer consisting of an electrolyte material between a 
catalyst layer and the solid electrolyte film. 
SOLUTION: A cell for solid polymer type fuel cell 10 comprises 
an electrolyte layer 40 consisting of an electrolyte material, 
which is formed between a catalyst layer 30 and a solid 
electrolyte film 20. The electrolyte layer 40 is desirably formed 
of the same component as the solid electrolyte film 20. and the 
thickness of the electrolyte layer 40 is desirably thinner than 

the solid electrolyte film 20. The electrolyte layer 40 is formed SI 
on the catalyst layer 40 on the connecting side with the solid 
electrolyte film 20. The total thickness of the solid electrolyte 
film 20 and the electrolyte layer 40 connected to one surface or 
both surfaces of the solid electrolyte film 20 is desirably set to 
5-50 \xm. The electrolyte layer 40 can be formed by arranging 
the catalyst layer 30 and the sheet-like electrolyte material one 
over another followed by heating and pressurizing. 
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* NOTICES * 

JPO €uid NCIPI are not responsible for any 
damages caused by the use o£ this translation* 

1. This document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The eel for the quality type fiiel cells of a solid-state macroraolecule characterized by forming the 
electrolyte layer (40) which consists of an electrolyte ingredient between a catalyst bed (30) and a solid- 
electrolyte membrane (20) in the eel for polymer electrolyte fuel cells which comes to arrange a catalyst bed 
(30) on the surface of a solid-electrolj^e membrane (20). 

[Claim 2] The sum total thickness of an electrolyte layer (40) and a solid-electrolyte membrane (20) is 5- 
micrometer or more a eel for the quality type fuel cells of a solid-state macromolecule according to claim 1 
which is 50 micrometers or less. 

[Claim 3] In the production approach of the eel for polymer electrolyte fuel cells which comes to join a 
catalyst bed (30) on the surface of a solid-electrolyte membrane (20) The electrolyte layer (40) which 
consists of an electrolyte ingredient is formed in tiie catalyst bed (30) side by the side of junction to a solid- 
electrolyte membrane (20). The production approach of the eel for polymer electrolyte fuel cells 
characterized by joining the electrolyte layer (40) and solid-electrolyte membrane (20) which were formed 
in the catalyst bed (30) by performing heating and application of pressure. 

[Claim 4] An electrolyte layer (40) is the production approach of the eel for the quality type fuel cells of a 
solid-state macromolecule according to claim 3 which pressurizes with heating and is formed after arranging 
the electrolyte ingredient of the shape of a catalyst bed (30) and a sheet in piles. 
[Claim 5] The process which forms an electrolyte layer (40) on a catalyst bed (30) is the production 
approach of the eel for the quality type fuel cells of a solid-state macromolecule according to claim 4 carried 
out by applying 30kg/cm2 or more the pressure of 500kg/cni2 or less under the temperature of under 
decomposition temperature more than the glass transition temperature of an electrolyte ingredient. 
[Claim 6] The process which forms an electrolyte layer (40) on a catalyst bed (30) is the production 
approach of the eel for the quality type fuel cells of a soHd-state macromolecule according to claim 4 carried 
out by applying 150kg/cm2 or more the pressure of 400kg/cm2 or less under the temperature of under 
decomposition temperature more than the glass transition temperature of an electrolyte ingredient. 
[Claim 7] An electrolyte layer (40) is the production approach of the eel for the quality type fuel cells of a 
solid-state macromolecule according to claim 3 formed by carrying out the plasma polymerization of the 
electrolyte ingredient on the surface of a catalyst bed (30). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the eel which consists of a solid-electrolyte membrane used for the quality 
type fuel cell of a solid-state macromolecule, and a catalyst bed, this invention can specifically attain thin 
film-ization of a solid-electrolyte membrane, and relates to the eel in which no humidifying can also operate. 

[0002] 

[Description of the Prior Art] The quality type fuel cell of a solid-state macromolecule (70) consists of units 
whose eels (10) by which the electrode (a fuel electrode (72) and air pole (75)) was formed in both sides of 
die solid-electrolyte membrane (20) to which it is ion conductivity and a proton is moved were pinched by 
the combustion chamber by the side of a fuel electrode (73), and the oxidizer room by the side of an air pole 
(76), as shown in drawing 5 . The hydrogen rich fuel gas which reformed methane, town gas, etc. is supplied 
to the combustion chamber (73) of a unit, and the oxidant gas containing oxygen, such as air, is supplied to 
an oxidizer room (76). In a ftiel electrode (72), a proton and an electron are generated by the reaction of H2 - 
>2H-H-2e-, and, as for an electron, a proton flows [ the hydrogen gas in fuel gas ] to an extemal circuit (78) 
toward an air pole (75) through a solid-electrolyte membrane (20) by it. In an air pole (75), by the reaction 
of l/202+2m-h2e— >H20, the oxygen in oxidant gas, the proton which moved through the solid-electrolyte 
membrane (20), and the electron which flowed through the extemal circuit (78) generate electromotive 
force, while producing water. 

[0003] The electrode (72) formed on the surface of a solid-electrolyte membrane and (75) are constituted by 
the porous catalyst bed (30) which was made to support catalyst ingredients, such as Pt, into conductive 
ingredients, such as a carbon particle, and generally fabricated them into them. As for the reaction of 
distributed gas, the interface in which an electrolyte ingredient, a conductive ingredient, and a catalyst 
ingredient exist simultaneously serves as a reacting point. For this reason, many reacting points are made to 
exist on a eel, and it becomes important for acceleration of a reaction to make an electrolyte ingredient, a 
conductive ingredient, and a catalyst ingredient connect by network. Then, the eel was conventionally 
produced by carrying out a hotpress on both sides of a solid-electrolyte membrane between the catalyst beds 
which consist of a conductive ingredient and a catalyst ingredient. 

[0004] It depends for the ion conductivity of a solid-electrolyte membrane on the moisture concentration in 
an ambient atmosphere, and the thickness of a solid-electrolyte membrane remarkably. If the moisture 
concentration in an ambient atmosphere is low, membrane resistance will increase and ion conductivity will 
fall. However, in order to carry out humidity of the film, the means for humidification, such as humidifying 
distributed gas, is needed, and it leads to enlargement of the quality type fuel cell of a solid-state 
macromolecule, and decline in generation efficiency. On the other hand, if thickness of a solid-electrolyte 
membrane is made thin, the moisture tremsfer in the film can become easy and it can be made to operate by 
low humidification or no humidifying. Moreover, membrane resistance can become small and can raise a eel 
electrical potential difference. For this reason, thin fihn-ization of a solid-electrolyte membrane is advanced. 

[0005] 

[Problem(s) to be Solved by the Invention] When realizing thin film-ization of a solid-electrolyte membrane 
and the hotpress was performed on both sides of the thin solid-electrolyte membrane 50 micrometers or less 
between catalyst beds, as shown in drawing 6 , the solid-electrolyte membrane (20) was broken through by 
the irregularity of the firont face of a catalyst bed (30), and the pinhole (80) might occur with it. A solid- 
electrolyte membrane (20) must play the role which prevents fuel gas and oxidant gas blending while 
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permitting migration of a proton. However, if a pinhole is in a solid-electrolyte membrane (20), it becomes 
easy to leak distributed gas and is not desirable. In addition, the fuel electrode and the air pole short- 
circuited through the pinhole, and it had also become the cause which causes the degradation of a cell. In 
order to prevent generating of a pinhole etc., when the conditions of a hotpress were weakened, the problem 
it becomes inadequate connecting [ of a catalyst bed (30) and a solid-electrolyte membrane (20) ] by 
network was in reverse. 

[0006] The object of this invention is avoiding a pinhole, being able to attain thin film-ization of a solid- 
electrolyte membrane, and offering the eel for the quality type fuel cells of a solid-state macromolecule in 
which no humidifying can also operate. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the eel for the 
quality type fuel cells of a solid-state macromolecule of this invention (10) forms the electrolyte layer (40) 
which consists of an electrolyte ingredient between a catalyst bed (30) and a solid-electrolyte membrane 
(20). As for an electrolj^e layer (40), it is desirable to form from the same component as a solid-electrolyte 
membrane (20), and it is [ the thickness of an electrolyte layer (40) ] desirable to make it thinner than a 
solid-electrolyte membrane (20). An electrolyte layer (40) is formed in the field of the catalyst bed (30) by 
the side of jxinction to a solid-electrolyte membrane (20). As an approach of forming an electrolyte layer 
(40), after arranging a catalyst bed (30) and a sheet-like electrolyte ingredient in piles, the approach of 
performing heating and application of pressure can be mentioned. Moreover, the approach of carrying out 
the plasma polymerization of the electrolyte ingredient on the surface of a catalyst bed (30) can be 
mentioned as an option which forms an electrolyte layer (40). After forming an electrolyte layer (40) in a 
catalyst bed (30), the electrolyte layer (40) and solid-electrolyte membrane (20) on a catalyst bed (30) are 
joined by heating and application of pressure, and the eel for the quality type fuel cells of a solid-state 
macromolecule (10) is produced. 
[0008] 

[Fimction and Effect] An electrolyte layer (40) can be beforehand formed in a catalyst bed (30), a solid- 
electrolyte membrane (20) can be joined on the application-of-pressure conditions that it is weak when 
joining a solid-electrolyte membrane (20) to the catalyst bed (30) in which the electrolyte layer (40) was 
formed, since the interface in which an electrolyte ingredient, a conductive ingredient, and a catalyst 
ingredient exist simultaneously is formed, and a solid-electrolyte membrane (20) is not broken through by 
the catalyst bed (30). That is, breakage on a solid-electrolyte membrane (20) can be prevented, forming 
many interfaces which consist of an electrolyte ingredient, a conductive ingredient, and a catalyst ingredient. 
Since a solid-electrolyte membrane (20) does not receive breakage, even if it thin-film-izes a solid- 
electrolyte membrane (20), leak or an electric short circuit of gas do not arise. Moreover, the actuation under 
the ambient atmosphere where it does not humidify also becomes possible by attaining thin film-ization of a 
solid-electrolyte membrane (20). Even if a solid-electrolyte membrane (20) or an electrolyte layer (40) 
receives breakage, the electrolyte layer (40) by the side of a catalyst bed (30) has covered the solid- 
electrolyte membrane (20) top, and since a solid-electrolyte membrane (20) and the breakage location of an 
electrolyte layer (40) are not in agreement, penetration of a pinhole will not take place. 
[0009] 

[Embodiment of the Invention] One operation gestalt of the production approach of the eel for the quality 
type fuel cells of a solid-state macromolecule of this invention is explained. First, the following solid- 
electrolyte membranes, catalyst beds, and electrolyte layers are prepared. 

A solid-electrolyte membrane solid-electrolyte membrane can be formed from electrolyte ingredients, such 
as perfluorocarbon sulfonic acid and a styrene-divinylbenzene sulfonic acid. As for the thickness of a solid- 
electrolyte membrane, it is desirable to be referred to as 5 micrometers - 40 micrometers. Moreover, the 
magnitude of a solid-electrolyte membrane can be suitably chosen to compensate for the engine 
performance of the quality type fuel cell of a solid-state macromolecule produced. In addition, since it is 
necessary to make thickness of an electrolyte ingredient thin to operate the quality type fuel cell of a solid- 
state macromolecule by no humidifying, it is desirable to set to 5 micrometers or more 50 micrometers or 
less sum total thickness with the electtolyte layer joined by one side or both sides of a solid-electrolyte 
membrane and a solid-electrolyte membrane. 

A catalyst bed catalyst bed can be formed with the sheet metal of the porosity which fabricated with the 
binder etc. the powder which made conductive ingredients, such as carbon of 1 0 micrometers - 70 
micrometers of mean diameters, support catalyst ingredients, such as mean-diameter 10Amicrometer-300A 
Pt and Ru (ruthenium), with sintering, rolling, etc. 10 micrometers - about 100 micrometers are suitable for 
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the thickness of a catalyst bed, and it is processed into magnitude [ a little ] smaller than the solid-electrolyte 
membrane joined. 

As for an electrolyte layer electrol>te layer, it is desirable to form from the electrolyte ingredient of the same 
component as a solid-electrolyte membrane. When forming an electrolyte layer in a catalyst bed by heating 
and application of pressure of a hotpress etc., it is desirable to form an electrolyte ingredient beforehand 
with a thickness of 1 micrometer - 1 0 micrometers in the shape of a sheet. 

[0010] Formation of the electrolyte layer to a catalyst bed can join a sheet-like electrolyte ingredient to the 
piece side face of a catalyst bed by giving heating and application of pressure in piles. As the junction 
approach, a hotpress is applicable. In addition, an electrolyte layer can be formed also by the plasma 
polymerization as the following examples explain it. More than the glass transition temperature of an 
electrolyte ingredient, it is appropriate for jimction of a catalyst bed and an electrolyte ingredient imder the 
temperature of imder decomposition temperature to carry out by applying 30kg/cm2 or more the pressure of 
500kg/cm2 or less, and it is desirable to carry out by 150kg/cm2 or more the pressure of 400kg/cm2 or less. 
Drawing 2 is the enlarged drawing showing a part for the joint of a catalyst bed (30) and an electrolyte layer 
(40). It tums out as a graphic display that an electrolyte ingredient (42) invades between the conductive 
powder (34) with which catalyst powder (32) was supported, and it is connected by network. 
[001 1] About a solid-electrolyte membrane (20), it inserts in between so that the electrolyte layer side of a 
catalyst bed (30) may counter with a solid-electrolyte membrane (20), and heating and application of 
pressure are given and an electrolyte layer (40) and a solid-electrolyte membrane (20) are joined to the 
catalyst bed (30) of the couple in which the electrolyte layer (40) was formed (refer to drawing 1 ). A 
hotpress can be mentioned as the jimction approach. Heating and application-of-pressure conditions can be 
made into 5kg/cm2 or more the presswe of 30kg/cm2 or less imder the temperature of under decomposition 
temperature more than the glass transition temperature of an electrolyte ingredient. That what is necessary is 
just to join an electrolyte layer and a solid-electrolyte membrane so that it may not separate during actuation, 
since it is not necessary to connect by network like junction in the above-mentioned catalyst bed and an 
electrolyte layer, a solid-electrolyte membrane can be joined on application-of-pressure conditions weaker 
than the application-of-pressure conditions which formation of an electrolyte layer took. 
[0012] As mentioned above, an electrolyte layer is formed on the surface of a catalyst bed, and the eel for 
the quality type fuel cells of a solid-state macromolecule is produced by joining an electrolyte layer to a 
solid-electrolyte membrane. In addition, temporarily, at the time of junction in a catalyst bed and an 
electrolyte layer, with the irregularity of the front face of a catalyst bed (30), since the application-of- 
pressure conditions at the time of jimction to the solid-electrolyte membrane (20) which is an after process 
also considering breakage (82) as a carrier beam in part are weak, as for a solid-electrolyte membrane (20), 
an electroljfle layer (40) does not receive breakage. 
[0013] 

[Example] The catalyst bed was produced in the following ways, the electrolyte layer was formed in the 
front face of the obtained catalyst bed, it joined to the solid-electrolyte membrane on the electrolyte layer, 
and the eel for the quality type fuel cells of a solid-state macromolecule (this invention eel) was produced. 
Moreover, for the comparison, it joined to the solid-electrolyte membrane at the catalyst bed which does not 
form an electrolyte layer, and the eel (reference cell) was produced. The single eel trial was carried out using 
the produced cel. 

[0014] First, the production approach of a catalyst bed is explained. 

After mixing and filtering CaC03 by making catalyst bed Pt support carbon into Binder PTFE 
(polytetrafluoroethylene) and an ostomy agent, it rolled out and fabricated in the shape of a sheet. 
Subsequently, it was immersed into 1N-HN03, the ostomy agent was removed, and area 2 and the catalyst 
bed with a thickness of 50 micrometers of 25cm were formed as a porous sheet. Hereafter, all catalyst beds 
used what was obtained by this production approach. 

[001 5] The following eels (the invention eels 1-4 and reference cells 1 and 2) were produced using the 
obtained catalyst bed. 

the sheet-like electrolyte ingredient (perfluorocarbon-sulfonic-acid film (Du Pont Nation fibn), thickness: 5 
micrometers) was joined to the front face of the production profit **** catalyst bed of the invention eel 1 
with the hotpress under the temperature of 1 80 degrees C, and conditions with a pressure of 300kg/cm2, and 
the electrolj^e layer was produced. When a part for a joint was observed, the electrolyte layer (40) became 
the imeven shape of a sheet with a thickness of 1 micrometer - 5 micrometers, it welded (30), and some 
electrolyte ingredients (42) had trespassed upon the interior of a catalyst bed (30) (refer to drawing 2 ). 
Between one pair of catalyst beds in which the electrolyte layer was formed, the solid-electrolyte membrane 
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with a thickness of 40 micrometers it is thin from the same electrolyte ingredient as an electrolyte layer was 
inserted, the hotpress was carried out iinder the temperature of 1 50 degrees C, and conditions with a 
pressure of 10kg/cni2, the solid-electrolyte membrane was joined to the electrolyte layer, and the invention 
eel 1 was produced. 

Except having set to 10 micrometers thickness of the electrolyte layer joined to the production catalyst bed 
of the invention eel 2, the production approach is the same as the invention eel 1 . 

Except having set to 20 micrometers thickness of the electrolyte layer joined to the production catalyst bed 
of the invention eel 3, the production approach is the same as the invention eel 1 . 

By the production plasma polymerization of the invention eel 4, the electrolyte layer was formed on the 
surface of the catalyst bed. As plasma polymerization equipment (90) is shown in drawing 3 , one side is 
connected to a high-frequency power generator (96), and the electrode plate (94) of a couple with which 
another side was grounded, and (95) are arranged, it is open for free passage to a chamber (93), and raw 
material charge tubing (97) is connected to the interior of the chamber (93) connected to the vacuxmi pimip 
(92). Hexafluoropropylene and trifluoro methansulfonic acid were supplied as an electrolyte ingredient (42) 
from raw material charge tubing (97), having placed the catalyst bed (30) between an electrode plate (94) 
and (95), having deaerated the inside of a chamber (93) with the vacuum pump (92), and impressing the 
power of 5W between an electrode plate (94) and (95) by the high-frequency power generator (96). Thereby, 
the electrolyte membrane with a thickness of about 1.2 micrometers was formed on the surface of the 
catalyst bed (30). Among one pair of catalyst beds in which the electrolyte layer was formed, the solid- 
electrolj^e membrane was joined by the same approach as the invention eel 1 . 

[0016] The solid-electrolyte membrane with a thickness of 40 micrometers was joined on the same hotpress 
conditions (the temperature of 1 50 degrees C, pressure of 1 0kg/cm2) as the invention eel 1 , not fomiing an 
electrolyte layer in the production catalyst bed of a reference cell 1 . 

The production approach is the same as a reference cell 1 except having made the hotpress conditions of the 
production solid-electrolyte membrane of a reference cell 2 into the temperature of 150 degrees C, and the 
pressure of 300kg/cm2. 

[0017] The obtained invention eels 1-4 and reference cells 1 and 2 were pinched with the carbon paper 
which gave a water-repellent finish, respectively, and the smgle eel trial was performed. Trials are the 
O.C.V. measurement shown below and measurement of the eel electrical potential difference in ciirrent 
density 500 mA/cm2, the test condition was not cell temperature [ of 80 degrees C ], ftiel humidification 
temperature [ of 80 degrees C ], and oxidizer humidified, H2 was used as fiiel gas and air was used for it as 
oxidant gas. In addition, the fiiel utilization rate made the oxidizer utilization factor 20% 50%. 
[0018] When the electrical potential difference (open-circuit voltage: O.C.V.) of each eel when supplying 
only gas is measured in the condition of not adding the load, as shown in drawing 4 , although the invention 
eels 1-4 and a reference cell 1 all show the high value, the reference cell 2 serves as a low value. Since this 
had the high application-of-pressure conditions when forming a solid-electrolyte membrane in a catalyst 
bed, the breakage on a pinhole etc. arises in a solid-electrolyte membrane, and it is considered to be because 
for leak or an electric short circuit of gas to have occurred. On the other hand, the invention eels 1-4 and a 
reference cell 1 are considered that there is no breakage in a solid-electrolyte membrane. 
[0019] Next, when the eel electrical potential difference in current density 500 mA/cm2 is measured, as 
shown in drawing 4 , it tums out that the invention eels 1-4 show the high eel electrical potential difference 
compared with reference cells 1 and 2. It is because the eel electrical potential difference of reference cells 1 
and 2 compared with the invention eels 1-4 and the solid-electrolyte membrane has received breakage as the 
above-mentioned [ low one / a reference cell 2 ], and although there is no breakage in a solid-electrol>le 
membrane, since the appUcation-of-pressure conditions of a solid-electrolj^e membrane and a catalyst bed 
are weak, a reference cell 1 is because the network of an electrolyte ingredient and a catalyst bed is not fully 
performed. The invention eels 1-4 show the high eel electrical potential difference compared with reference 
cells 1 and 2, because the invention eel has joined the catalyst bed and the electrolyte layer beforehand and 
the network with an electrolyte ingredient and a catalyst bed is fully performed. Moreover, the junction to 
the catalyst bed and the solid-electrolj^e membrane in which the electrolyte layer was formed is to carry out 
on weak application-of-pressure conditions, and for a solid-electrolyte membrane not to receive breakage. In 
addition, although the eel electrical potential difference is low compared with the invention eels 1, 2, and 4, 
the thickness of an electrolyte ingredient becomes thick and, as for the invention eel 3, only the part \o 
which this thickened the electrolyte layer shows that oxidizer non-humidified operation is difficult. That is, 
in performing non-humidified operation, it imderstands the sum total thickness of an electrolyte layer and a 
solid-electrolyte membrane that it is desirable to make it thiimer than 50 micrometers. 
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[Drawing 1] 
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[Drawing 5] 
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[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Whole sentence 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Document Name] Description 

[Title of the Invention] The eel for polymer electrolyte fuel cells, and its production approach 
[Claim(s)] 

[Claim 1] In the eel for polymer electrol>te fiiel cells which comes to arrange a catalyst bed (30) on the 
surface of a solid-electrolyte membrane (20), 

The eel for polymer electrolyte fuel cells characterized by forming the electrolyte layer (40) which consists 

of an electrolyte ingredient between a catalyst bed (30) and a solid-electrolyte membrane (20). 

[Claim 2] The sum total thickness of an electrolyte layer (40) and a solid-electrolyte membrane (20) is 5- 

micrometer or more a eel for polymer electrolyte fuel cells according to claim 1 which is 50 micrometers or 

less. 

[Claim 3] In the production approach of the eel for polymer electrolyte fuel cells which comes to join a 
catalyst bed (30) on the surface of a solid-electrolyte membrane (20), 

The electrolyte layer (40) which consists of an electrolyte ingredient is formed in the catalyst bed (30) side 
by the side of junction to a solid-electrolyte membrane (20), 

The production approach of the eel for polymer electrolyte fuel cells characterized by joining the electrolyte 
layer (40) and solid-electrolyte membrane (20) which were formed in the catalyst bed (30) by performing 
heating and application of pressxire. 

[Claim 4] An electrolyte layer (40) is the production approach of the eel for polymer electrolyte fuel cells 
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according to claim 3 which pressurizes with heating and is formed after arranging the electrolyte ingredient 
of the shape of a catalyst bed (30) and a sheet in piles. 

[Claim 5] The process which forms an electrolyte layer (40) on a catalyst bed (30) is the production 
approach of the eel for polymer electrolyte fiiel cells according to claim 4 carried out by applying 30kg/cm2 
or more the pressure of 500kg/cm2 or less imder the temperature of under decomposition temperature more 
than the glass transition temperature of an electrolyte ingredient. 

[Claim 6] The process which forms an electrolyte layer (40) on a catalyst bed (30) is the production 
approach of the eel for polymer electrolyte fiiel cells according to claim 4 carried out by applying 
150kg/cm2 or more the pressure of 400kg/cm2 or less under the temperature of vinder decomposition 
temperature more than the glass transition temperature of an electrolyte ingredient. 

[Claim 7] An electrolyte layer (40) is the production approach of the eel for polymer electrolyte fuel cells 
according to claim 3 formed by carrying out the plasma polymerization of the electrolyte ingredient on the 
sxirface of a catalyst bed (30). 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the eel which consists of a solid-electrolyte membrane used for a polymer 
electrolyte fuel cell, and a catalyst bed, this invention can specifically attain thin film-ization of a solid- 
electrolyte membrane, and relates to the eel in which no humidifying can also operate. 
[0002] 

[Description of the Prior Art] A polymer electrolyte fiiel cell (70) consists of units whose eels (10) by which 
the electrode (a fuel electrode (72) and air pole (75)) was formed in both sides of the solid-electrolyte 
membrane (20) to which it is ion conductivity and a proton is moved were pinched by the combustion 
chamber by the side of a fuel electrode (73), and the oxidizer room by the side of an air pole (76), as shown 
in drawing 5. The hydrogen rich fuel gas which reformed methane, town gas, etc. is supplied to the 
combustion chamber (73) of a iinit, and the oxidant gas containing oxygen, such as air, is supplied to an 
oxidizer room (76). In a fuel electrode (72), a proton and an electron are generated by the reaction of H2 - 
>2H++2e-, and, as for an electron, a proton flows [ the hydrogen gas in fuel gas ] to an external circuit (78) 
toward an air pole (75) through a solid-electrolyte membrane (20) by it. In an air pole (75), by the reaction 
of l/202+2H-f-+2e— >H20, the oxygen in oxidant gas, the proton which moved through the solid-electrolyte 
membrane (20), and the electron which flowed through the external circuit (78) generate electromotive 
force, while producing water. 

[0003] The electrode (72) formed on the surface of a solid-electrolyte membrane and (75) are constituted by 
the porous catalyst bed (30) which was made to support catalyst ingredients, such £is Pt, into conductive 
ingredients, such as a carbon particle, and generally fabricated them into them. As for the reaction of 
distributed gas, the interface in which an electrolyte ingredient, a conductive ingredient, and a catalyst 
ingredient exist simultaneously serves as a reacting point. For this reason, many reacting points are made to 
exist on a eel, and it becomes important for acceleration of a reaction to make an electrolyte ingredient, a 
conductive ingredient, and a catalyst ingredient connect by network. Then, the eel was conventionally 
produced by carrying out a hotpress on both sides of a solid-electrolyte membrane between the catalyst beds 
which consist of a conductive ingredient and a catalyst ingredient. 

[0004] It depends for the ion conductivity of a solid-electrolyte membrane on the moisture concentration in 
an ambient atmosphere, and the thickness of a solid-electrolyte membrane remarkably. If the moisture 
concentration in an ambient atmosphere is low, membrane resistance will increase and ion conductivity will 
fall. However, in order to carry out humidity of the film, the means for humidification, such as humidifying 
distributed gas, is needed, and it leads to enlargement of a polymer electrolyte fiiel cell, and decline in 
generation efficiency. On the other hand, if thickness of a solid-electrolyte membrane is made thin, the 
moisture transfer in the film can become easy and it can be made to operate by low humidification or no 
humidifying. Moreover, membrane resistance can become small and can raise a eel electrical potential 
difference. For this reason, thin film-ization of a solid-electrolyte membrane is advanced. 
[0005] 

[Problem(s) to be Solved by the Invention] When realizing thin film-ization of a solid-electrolyte membrane 
and the hotpress was performed on both sides of the thin solid-electrolyte membrane 50 micrometers or less 
between catalyst beds, as shown in drawing 6, the solid-electrolyte membrane (20) was broken through by 
the irregularity of the fi-ont face of a catalyst bed (30), and the pinhole (80) might occur with it. A solid- 
electrolyte membrane (20) must play the role which prevents fliel gas and oxidant gas blending while 
permitting migration of a proton. However, if a pinhole is in a solid-electrolyte membrane (20), it becomes 
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easy to leak distributed gas and is not desirable. In addition, the fuel electrode and the air pole short- 
circuited through the pinhole, and it had also become the cause which causes the degradation of a cell. In 
order to prevent generating of a pinhole etc., when the conditions of a ho^ress were weakened, the problem 
it becomes inadequate connecting [ of a catalyst bed (30) and a solid-electrolyte membrane (20) ] by 
network was in reverse. 

[0006] The object of this invention is avoiding a pinhole, being able to attain thin film-ization of a solid- 
electrolyte membrane, and offering the eel for polymer electrolyte fiiel cells in which no humidifying can 
also operate. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the eel for 
polymer electrolyte fuel cells of this invention (10) forms the electrolyte layer (40) which consists of an 
electrolyte ingredient between a catalyst bed (30) and a solid-electrolyte membrane (20). As for an 
electrolyte layer (40), it is desirable to form from the same component as a solid-electrolyte membrane (20), 
and it is [ the thickness of an electrolyte layer (40) ] desirable to make it thirmer than a solid-electrolyte 
membrane (20). An electrolyte layer (40) is formed in the field of the catalyst bed (30) by the side of 
junction to a soUd-electrolyte membrane (20). As an approach of forming an electrolyte layer (40), after 
arranging a catalyst bed (30) and a sheet-like electrolyte ingredient in piles, the approach of performing 
heating and application of pressure can be mentioned. Moreover, the approach of carrying out the plasma 
polymerization of the electrolyte ingredient on the surface of a catalyst bed (30) can be mentioned as an 
option which forms an electrol>le layer (40). After forming an electrolyte layer (40) in a catalyst bed (30), 
the electrolyte layer (40) and solid-electrolj^e membrane (20) on a catalyst bed (30) are joined by heating 
and application of pressure, and the eel for polymer electrolyte fuel cells (10) is produced. 
[0008] 

[Function and Effect] An electrolyte layer (40) can be beforehand formed in a catalyst bed (30), a solid- 
electrolyte membrane (20) can be joined on the application-of-pressure conditions that it is weak when 
joining a solid-electrolyte membrane (20) to the catalyst bed (30) in which the electrolyte layer (40) was 
formed, since the interface in which an electrolyte ingredient, a conductive ingredient, and a catalyst 
ingredient exist simultaneously is formed, and a solid-electrolyte membrane (20) is not broken through by 
the catalyst bed (30). That is, breakage on a solid-electrolyte membrane (20) can be prevented, forming 
many interfaces which consist of an electrolyte ingredient, a conductive ingredient, and a catalyst ingredient. 
Since a solid-electrolyte membrane (20) does not receive breakage, even if it thin-film-izes a solid- 
electrolyte membrane (20), leak or an electric short circuit of gas do not arise. Moreover, the actuation under 
the ambient atmosphere where it does not humidify also becomes possible by attaining thin film-ization of a 
solid-electrolyte membrane (20). Even if a solid-electrolyte membrane (20) or an electrolyte layer (40) 
receives breakage, the electrolyte layer (40) by the side of a catalyst bed (30) has covered the solid- 
electrolyte membrane (20) top, and since a solid-electrolyte membrane (20) and the breakage location of an 
electrolyte layer (40) are not in agreement, penetration of a pinhole will not take place. 
[0009] 

[Embodiment of the Invention] One operation gestalt of the production approach of the eel for polymer 
electrolyte fuel cells of this invention is explained. First, the following solid-electrolyte membranes, catalyst 
beds, and electrolyte layers are prepared. 
Solid-electrolyte membrane 

A solid-electrolyte membrane can be formed from electrolyte ingredients, such as perfluorocarbon sulfonic 
acid and a styrene-divinylbenzene sulfonic acid. As for the thickness of a solid-electrolyte membrane, it is 
desirable to be referred to as 5 micrometers - 40 micrometers. Moreover, the magnitude of a solid- 
electrolyte membrane can be suitably chosen to compensate for the engine performance of the polymer 
electrolyte fuel cell produced. In addition, since it is necessary to make thickness of an electrolyte ingredient 
thin to operate a polymer electrolyte fuel cell by no himiidifying, it is desirable to set to 5 micrometers or 
more 50 micrometers or less sum total thickness with the electrolyte layer joined by one side or both sides of 
a solid-electrolj^e membrane and a solid-electrolyte membrane. 
Catalyst bed 

A catalyst bed can be formed with the sheet metal of the porosity which fabricated with the binder etc. the 
powder which made conductive ingredients, such as carbon of 10 micrometers - 70 micrometers of mean 
diameters, support catalyst ingredients, such as mean-diameter 10Amicrometer-300A Pt and Ru 
(ruthenium), with sintering, rolling, etc. 10 micrometers - about 100 micrometers are suitable for the 
thickness of a catalyst bed, and it is processed into magnitude [ a little ] smaller than the solid-electrolyte 
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membrane joined. 
Electrolyte layer 

As for an electrolyte layer, it is desirable to form from the electrolyte ingredient of the same component as a 
solid-electrolyte membrane. When forming an electrolyte layer in a catalyst bed by heating and application 
of pressxire of a hotpress etc., it is desirable to form an electrolyte ingredient beforehand with a tMckness of 
1 micrometer - 10 micrometers in the shape of a sheet. 

[001 0] Formation of the electrolyte layer to a catalyst bed can join a sheet-like electrolyte ingredient to the 
piece side face of a catalyst bed by giving heating and application of pressure in piles. As the jxmction 
approach, a hotpress is applicable. In addition, an electrolyte layer can be formed also by the plasma 
polymerization as the following examples explain it. More than the glass transition temperature of an 
electrolyte ingredient, it is appropriate for junction of a catalyst bed and an electrolyte ingredient under the 
temperature of under decomposition temperature to carry out by applying 30kg/cni2 or more the pressure of 
500kg/cm2 or less, and it is desirable to carry out by 1 50kg/cm2 or more the pressure of 400kg/cm2 or less. 
Drawing 2 is the enlarged drawing showing a part for the joint of a catalyst bed (30) and an electrolyte layer 
(40). It tums out as a graphic display that an electrolyte ingredient (42) invades between the conductive 
powder (34) with which catalyst powder (32) was supported, and it is connected by network. 
[001 1] About a solid-electrolyte membrane (20), it inserts in between so that the electrolyte layer side of a 
catalyst bed (30) may counter with a solid-electrolyte membrane (20), and heating and application of 
pressure are given and an electrolyte layer (40) and a solid-electrolyte membrane (20) are joined to the 
cateilyst bed (30) of the couple in which the electrolyte layer (40) was formed (refer to drawing 1). A 
hotpress can be mentioned as the junction approach. Heating and application-of-pressure conditions can be 
made into 5kg/cm2 or more the pressure of 30kg/cm2 or less under the temperature of under decomposition 
temperature more than the glass transition temperature of an electrolyte ingredient. That what is necessary is 
just to join an electrolyte layer and a solid-electrolyte membrane so tiiat it may not separate during actuation, 
since it is not necessary to connect by network like junction in the above-mentioned catalyst bed and an 
electrolyte layer, a solid-electrolyte membrane can be joined on application-of-pressure conditions weaker 
than the application-of-pressure conditions which formation of an electrolyte layer took. 
[0012] As mentioned above, an electrolyte layer is formed on the surface of a catalyst bed, and the eel for 
polymer electrolyte fiiel cells is produced by joining an electrolyte layer to a solid-electrolyte membrane. In 
addition, temporarily, at the time of junction in a catalyst bed and an electrolyte layer, with the irregularity 
of the front face of a catalyst bed (30), since the application-of-pressure conditions at the time of junction to 
the solid-electrolyte membrane (20) which is an after process also considering breakage (82) as a carrier 
beam in part are weak, as for a solid-electrolj^e membrane (20), an electrolyte layer (40) does not receive 
breakage. 
[0013] 

[Example] The catalyst bed was produced in the following ways, the electrolyte layer was formed in the 
front face of the obtained catalyst bed, it joined to the solid-electrolyte membrane on the electrolyte layer, 
and the eel for polymer electrolyte fuel cells (this invention eel) was produced. Moreover, for the 
comparison, it joined to the solid-electrolyte membrane at the catalyst bed which does not form an 
electrolyte layer, and the eel (reference cell) was produced. The single eel trial was carried out using the 
produced cel. 

[0014] First, the production approach of a catalyst bed is explained. 
Catalyst bed 

After mixing and filtering CaC03 by making Pt support carbon into Binder PTFE (polytetrafluoroethylene) 
and an ostomy agent, it rolled out and fabricated in liie shape of a sheet. Subsequently, it was immersed into 
1N-UN03, the ostomy agent was removed, and area 2 and the catalyst bed with a thickness of 50 
micrometers of 25cm were formed as a porous sheet. Hereafter, all catalyst beds used what was obtained by 
this production approach. 

[0015] The following eels (the invention eels 1-4 and reference cells 1 and 2) were produced using the 
obtained catalyst bed. 
Production of the invention eel 1 

The sheet-like electrolyte ingredient (perfluorocarbon-sulfonic-acid film (Du PontNafion film), thickness: 5 
micrometers) was joined to the front face of the obtained catalyst bed with the hotpress under the 
temperature of 1 80 degrees C, and conditions with a pressure of 300kg/cm2, and the electrolyte layer was 
produced. When a part for a joint was observed, the electrolyte layer (40) became the xmeven shape of a 
sheet with a thickness of 1 micrometer - 5 micrometers, it welded (30), and some electrolyte ingredients (42) 
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had trespassed upon the interior of a catalyst bed (30) (refer to drawing 2). Between one pair of catalyst beds 
in which the electrolyte layer was formed, the solid-electrolyte membrane with a thickness of 40 
micrometers it is thin from the same electrolyte ingredient as an electrolyte layer was inserted, the hotpress 
was carried out under the temperature of 1 50 degrees C, and conditions with a pressure of 10kg/cm2, the 
solid-electrolyte membrane was joined to the electrolyte layer, and the invention eel 1 was produced. 
Production of the invention eel 2 

Except having set to 10 micrometers thickness of the electrolyte layer joined to a catalyst bed, the 
production approach is the same as the invention eel 1 . 
Production of the invention eel 3 

Except having set to 20 micrometers thickness of the electrolyte layer joined to a catalyst bed, the 
production approach is the same as the invention eel 1. 
Production of the invention eel 4 

By the plasma polymerization, the electrolyte layer was formed on the svirface of the catalyst bed. As plasma 
polymerization equipment (90) is shown in drawing 3, one side is connected to a high-frequency power 
generator (96), and the electrode plate (94) of a couple with which another side was groxmded, and (95) are 
arranged, it is open for free passage to a chamber (93), and raw material charge tubing (97) is connected to 
the interior of the chamber (93) connected to the vacuum pump (92). Hexafluoropropylene and trifluoro 
methansulfonic acid were supplied as an electrolyte ingredient (42) from raw material charge tubing (97), 
having placed the catalyst bed (30) between an electrode plate (94) and (95), having deaerated the inside of 
a chamber (93) with the vacuxmi pump (92), and impressing the power of 5W between an electrode plate 
(94) and (95) by the high-frequency power generator (96). Thereby, the electrolyte membrane with a 
thickness of about 1 .2 micrometers was formed on the sxuface of the catalyst bed (30). Among one pair of 
catalyst beds in which the electrolyte layer was formed, the solid-electrolyte membrane was joined by the 
same approach as the invention eel 1. 
[0016] Production of a reference cell 1 

The solid-electrolj^e membrane with a thickness of 40 micrometers was joined on the same hotpress 
conditions (the temperature of 150 degrees C, pressure of 10kg/cm2) as the invention eel 1, not forming an 
electrolyte layer in a catalyst bed. 
Production of a reference cell 2 

The production approach is the same as a reference cell 1 except having made the hotpress conditions of a 
solid-electrolyte membrane into the temperature of 150 degrees C, and the pressure of 300kg/cm2. 
[0017] The obtained invention eels 1-4 and reference cells 1 and 2 were pinched with the carbon paper 
which gave a water-repellent finish, respectively, and the single eel trial was performed. Trials are the 
O.C.V. measurement shown below and measurement of the eel electrical potential difference in current 
density 500 mA/cm2, the test condition was not cell temperature [ of 80 degrees C ], fiiel humidification 
temperature [ of 80 degrees C ], and oxidizer humidified, H2 was used as fiiel gas and air was used for it as 
oxidant gas. In addition, the fiiel utilization rate made the oxidizer utilization factor 20% 50%. 
[0018] When the electrical potential difference (open-circuit voltage: O.C.V.) of each eel when supplying 
only gas is measured in the condition of not adding the load, as shown in drawing 4, although the invention 
eels 1-4 and a reference cell 1 all show the high value, the reference cell 2 serves as a low value. Since this 
had the high application-of-pressure conditions when forming a solid-electrolyte membrane in a catalyst 
bed, the breakage on a pinhole etc. arises in a solid-electrolyte membrane, and it is considered to be because 
for leak or an electric short circuit of gas to have occurred. On the other hand, the invention eels 1 -4 and a 
reference cell 1 are considered that there is no breakage in a solid-electrolyte membrane. 
[0019] Next, when the eel electrical potential difference in curi^ent density 500 mA/cm2 is measured, as 
shown in drawing 4, it turns out that the invention eels 1-4 show the high eel electrical potential difference 
compared with reference cells 1 and 2. It is because the eel electrical potential difference of reference cells 1 
and 2 compared with the invention eels 1-4 and the solid-electrolyte membrane has received breakage as the 
above-mentioned [ low one / a reference cell 2 ], and although there is no breakage in a solid-electrolyte 
membrane, since the application-of-pressure conditions of a solid-electrolyte membrane and a catalyst bed 
are weak, a reference cell 1 is because the network of an electrolyte ingredient and a catalyst bed is not fiilly 
performed. The invention eels 1-4 show the high eel electrical potential difference compared with reference 
cells 1 and 2, because the invention eel has joined the catalyst bed and the electrolyte layer beforehand and 
the network with an electrolyte ingredient and a catalyst bed is fiilly performed. Moreover, the junction to 
the catalyst bed and the solid-electrolyte membrane in which the electrolyte layer was formed is to carry out 
on weak application-of-pressure conditions, and for a solid-electrolyte membrane not to receive breakage. In 
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addition, although the eel electrical potential difference is low compared with the invention eels 1, 2, and 4, 
the thickness of an electrolyte ingredient becomes thick and, as for the invention eel 3, only the part to 
which this thickened the electrolyte layer shows that oxidizer non-humidified operation is difficult. That is, 
in performing non-humidified operation, it imderstands the sum total thickness of an electrolyte layer and a 
solid-electrolyte membrane that it is desirable to make it thinner than 50 micrometers. 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the eel for polymer electrolyte fuel cells of this invention. 
[Drawing 2] It is the enlarged drawing of the joint of a catalyst bed and an electrolyte layer. 
[Drawing 3] It is the explanatory view of plasma polymerization equipment. 
[Drawing 4] It is the graph which shows tfie result of a single eel trial. 

[Drawing 5] It is the schematic diagram showing the configuration of a polymer electrolyte fuel cell. 

[Drawing 6] It is the sectional view showing the conventional eel for polymer electrolyte fuel cells. 

[Description of Notations] 

(10) The eel for polymer electrolyte fuel cells 

(20) Solid-electrolyte membrane 

(30) Catalyst bed 

(40) Electrolj^e layer 



[Translation done.] 
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m (20) <Da«^ R& C C i A<T- # -S . @t*:a»H)S (20) A< 

m$S:lt'5Ci:A<7tf[,%A>C,, @tt:m^KSI(20) ^SIM 30 

L^, *f=, @«:®®SK(20)ro3IK<b*SJ«-r-5Ci:lr 

<*®fss^ (20) X \tmm&m m A<a^ it r t > @ 
(20) ©ji^MiiSB (30) moimmmm w) tm 
o T fe* u . @»:m(gfts (20) t 'mm&m w) om^^s. 

[O O O 9] 

ffl•b;^o^tfi?:^;^ro-^^£?f^^l--:3l^riSB^■r•&<. * 40 
U > - V f-;U'<>-fe*>x;u;h <fc'(Oli^a*t^ 

//m~40//m^:•r'5Ci:A<M*LL^, 



t (Otitis* ^ 5 mJ*l± 5 O ^ mJslTt-f -5 ^ t A<S 
fttJSBIi. 0;/m~7 0//mO>*— ^l^'St* 

roiS^ttW^i-, ¥i^Stgi o A//m~3 0 0 Aa)p 
t. Ru(;UT^-'t?A))&i:<DMaE*tS^$e^*l+fct»5ls 
safe's.!: tAI-iSS. EES^I-J:oTjS«JLfcit 

s/i. 1 o/[/m~i ooi/mSga<aia-cfcy« 
[oo 1 o] mietm^<r>mmsma>mmi. mhisom- 

■c. Tt^-v F-:^ux$iSffl^Sci:A«T;#s. fefc. mm 

^(rj:-3rtJBfiEf •&-<!: A<-e# -So mt^mtmMn^ 

g5fe2|CDS)tTI-r, 3 O k g/cm2JilJl5 0 O k g 
/ c m2 JilTWIi* ^ *n ^ -S C 1 1- J: o Tllte-r -5 c: t 
A<JSa-C&y. 1 5 0 k g/cm2JilJt4 00 k g/c 

jiS)l(30) tmfi?M@(40) i:rofS^a5»^5^-rffi:«Jia-rfe 
-5. S^OJtfcy. «4j«l»5S (32) Sttfc^miltS) 
*(34)<7>|gll=. m«S#^(42)*<SALr:f^-v h^-^' 

[001 1] aSKg(40)j!)<»JfiE^*tfc-*t<Oftbj«g(3 
0)i:, ®tt:mSKM(20)lrol>-C, ®>S)l(30)<omfgM 
B<IIA<@«:m^K^(20) tS^lSjri) J: 5I::Fb1(::}*A/-C. 

m^sB(40)t®t*:tt^K^(20)$. m^jSLifmE.^m 
LS^-r-5(Si#ga)= tg^^atur. 7^-vh::^ux 

5 k g/cm2jjl±3 O k g/cmZeiTWEE^t-r-SC 
4x ^ Z i: I ^ J: 5 l=fg^-r -5 fc* It r- J: < , JiteffiJIS 

<-cJ:t^ro-c. m^«^roflJJSi::^Lfcaiii^<4^<ty 
[0012] ±tB(o.):5i=. fii»i@a>sai::m@M@£ 



(4) 



^Kga^l 1-01 6584 



«J«S(30)(DS®(D[H]OlCcfcor-aJ^^(82)^S 
[0 0 13] 

m& L L^flt j«g [zmwrnmrnm it «^ l r -tz ;u (its 

PXTU»&t;ig7LS«<tLrCaC03$;g^. ^iSL 
®«2 5cm2, Jl^ 5 0/imOMilIM^ff^J«L 

fco JUT. tosssi*. -r-<-cco>fta!!*jiiCcfcyfit.+L 

[0 0 15] itt,ti/cMJSIl^ffit^r. iUTO-lz^K^ 
^B^-tz;ui (Df^ii^ 

m). 15* : 5//m)$Sjg1 8 0*t:. Ii*3 00k g/ 

n^^tSLfco ii-^^^^mmy^tztizh. mfi?aii(4 

® $111 (30) fr L r y . m) <D-mm 

y^m (30) oy\^mzm.K\^xi^fz m 2 , mmnm ^ 

ff^fiELfcl»a)ft4iSH(DHf::. i:®SS*f 
*43!i^t>JS^ll*4 0Aima)@(*m^Mm^t*A/r*. 

1 5 O^C. 1 O k cn\'^<D^^TX-!\'-v. hT^U 

;^L. mssM<i:gf*msiMm$t$#Lr^BjH2;n ^ 

^B^-fe;U2(Df^ig 

Mmm^zm-^r^mmsmom^ ^^ourr^tLtz^it 

^BJ-b;U4(P4^iS^ 

zf3X'7m^\z^'z>x. mm(r>^^\zmmmm^mfS. 

L^zo r^'^X-^fi^gSOO)!*. S3(C^-rc:i:<. M 



ih.fc-«(D®llffi(94){95)$iBaL/=t,(Z>-efcy. ^^•N' 
>/<-{93)lz5SMUriSmAir(97);b<JgiKJ$;Kri> 
-So m«iS(94) (95)(7)rBl(cMi«Ill(30)^M^. M^nCy 
Zf (92) iz J: y ^ A' >/ (93) P^^^^[^. Mm^mti^ 
*S (96) iz J: o -caaifi (94) (95) Tel iz 5 WCDS* ^91*0 
L^i:?b<^ . I^i^SA^ (97) ^m«a«S (42) tLX. 

>s*«t&Lfco cniccfcy. ttj«g(30)a)a®izii$ 

$^J1. 2//m<DmSMfiI}!)<ff^/S*tlfco mSM^a)Jf^^ 

i^m^&m^m^Lfzo 

[00 1 6] ]i:^-b;ui(Of^M 

Tt^'y h3^UXlfe<iK;^Jg1 5 O^C. 1±:^ 1 O k g/c 
m2) -CIS* 4 O /i ma)@t*m«SE$tS^ Lf=o 

ii:^-t;;U2(D{^ig 

S<*msaBicD7t^*> h:/uxlfeff^^?ggi 5 0°c. l±:ti 

3 00 k g/cm2t Lfria^. ftti*;^liltSi-b;H 

20 [oo 1 7] ^#^tl/r^B^•iz;H -4<h:. itS-b;n . 
2S. ^n^ti.S*^llSJSLyi::^-7K>^-/^-r*J* 
^'f. «4z;uHKStTofco KKI±. laTlznt-rO.C.V.;!!! 
Si:. m3S£^g5 OOmA/cm2r'CD-fe;umiEC0;19S 

r*feor, iSSIIfe#fi. m?i!i?aJS8 o°c. «SSs[*DS;Sg 

8 0^5. mitmmmmx^^). mna^tLXHi. m 
imi3:^tLx^^^mi^tzo tat^. «^mmmmii5o 

Mimmmmitzo^tLtzo 
[0 0 18] a^^AD^Ti^j^fi^tt^-e. 

t&L/r t #a>#iz;K7)BiE(BII51»aJE : 0. C. V. ) 
30 Lfzt:i^. m^iZ7rs't<^5\z^ ^B^-b;n -4Rt;i± 

miz e>7f^-;u?S: cr . y ^fc 
(imtiM*f 3 — h A^^* L r L> ^ fc ^ t #x ^ 

[0 0 19] O^IC. mSitSJSS O OmA/cm2r'(D 

40 ;n -4(i. htgt-tr;n . 2 irj±^r^LN-iz;umE*^ 
^^■b;u 1 ~ 4 frti:^r«i^(Dl*. it^Hz;!/ 2 liSfriSro 

t^^)mii^mmnmtmm^Siifxi^^tzisbx&^). it 

rfc^o ^Bj-fe;n '-4){)<. itS-b^n . 2(rj±-cr;g 

tmmsm^ti^Lxisy}. mmmumtmmmto):^^ 

50 V hr?— ^^bA<+5^'lz^Tt>^^rl^'&fctf>•cfc'So 
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[03] r^5X7a#sig©itti«0-e&«. 

[04] *-tr;H4^<7)i3m$jK-r^7^T:feS. 

[05] @tt:ig»^MM««a/=fi<D«ias*-rm0r- 

[^^OTlftBJ] 

(10) mw^^^T-smmn'&T&m-bjv 
(20) @{$m^ft^ 
(30) mmm 

(40) €i^EI@ 
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OSOOoiA/crnB^ 
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M'bA' ftnisA sn-bil* fe«t:ik itfltbii. ittttsA' 
1 « J 4 I 2 
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